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@ Catalytic converter and method for highly exothermic reactions. 

© To produce propylene oxide, a reaction liquid 

comprised of propylene, hydrogen peroxide (Tin 1 
and propylene oxide and a vapoTpurge stream MG ~ 1 
is passed through the bed of solid catalyst at 
reaction conditions in each of a series of 
catalyst-packed reaction zones (2,14,22,30), the 
resulting mixture is separated in each zone Into 
a vapor stream which passes to the next reac- 
tion zone and a reaction liquid stream (8.18.26) 
which is removed and cooled to remove 
exothermic heat of reactioa Some of the 

(11 ' 20 ' 28) 18 ****** to ** zone 
from which It was removed and some (13,21,29) 
is passed to the next in the series of reaction 
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theni S^ nVenti0n 10 8 " * reaCtor and 8 proC8SS for ca ^"9 «t highly xc- 

Description of the Prior Art 

products are temperature sensitive. Forexample. the catalytic liquid phase reaction of orowlene^h^rrZn 
pereade >to produce propylene oxide is a highly exothermic reartionwhite^^ Se1.ecS?ton 

H mPeratUre , 8enSitiVe - ^ ""^ ° fthe 8X0thennic heat of reac2«oMn7e^rS 
perature rise presents a serious problem. wuwing excess tem- 

Conventtonal reactors for exothermic reactions are usually of two types- 

(1) Quench type which consist of multiple fixed beds with cold feed quench injected in between beds 

(2) ^ b ^ *e tubes of a vertL shell STu e Sanger 
ov. JL!^1 ^ b hl »h. the first type does not provide sufficient heat removal. ^ 3* 
leTre^^ " 8 °° ld reaCt0f efflU8nt bUt in th8 '^vantages assocfc JS 

.^! tUbUla I. reaCtor °°!, t t>e0 ° me3 ^hibithrewhen high heats of reaction have to be removed through heat 
ganger surfaces operating with a low heat transfer coefficient There Is also a temperat^grSent from 

U.S. Patents 2.271.646 and 2.322.366 provide catalytic converters for use in catalytic cracking and the 

L ™?Z^^T^ era " dMdBd int ° 8 86,163 *»»»■ and the mWu^ o^ zo^ 
Is removed and externally heated or cooled before being returned to the next reaction zone Sueh^on^! 

as is achieved in accordance with the present invention. y exouiermic system 

Brief Description of the Invention 

In accordance with the present Invention, a catalytic converter tower Is provided containing a series of seo- 

propria* reactants Is Introduced Into a zone and passed at reaction conditions through the catalvst ted The 
reding, reaction mixture is removed from the reactor and the exothermic heat oTZZ iTremoleTbv Z 

l^l e n fle ; i TTW Breat bu,k 0,1,16 000,0(1 "■*«■ Is recycled to the zone fromSit was 

removed white a smaller portion is passed to the next zone and reacted in a similar fashion 

the re^™" T reaCt, ° n Z ° ne - The P"™™ of reaction zones enables doTcSof 

the reaction compositions approaching a plug flow reactor configuration. 

Description of the Drawing 

ventton eaC00mPany,n9 draWin93 ' FmK * ^ " IU8trate 0,6 improved reactorand various practices of the in- 
Detailed Description 

andT. ~ ^TT" Per ? X ' de to f0fTn propv,8ne oxWe - ln 8Uch a reaction, heat of reaction must be removed 
and the reaction temperature must be carefully controlled in order to achieve optimum results 

Referring to the attached drawing. Figure 1. a fourzone reactor 1 1s illustrated. Each of the zones Is oro- 
v|ded w,th hquid inlet means near the upper part thereof, a packed bed of solid catalyst part 2S5d JK 

£H? T m ? b ° tt0m ° f 6aCh 20ne ' 8nd ^ means permtttlng \rapor to pass fromVne 

zone to the next; the lowest zone is not provided with the vapor passage means. P^siromone 
As shown in Figure 1 and with reference to the production of propylene oxide by reaction of hvdrooen oer- 
Z^rnT^ ^ ProPy,6n6 8nd 8 hvdroflen P6roxide «***g solution » wSrSTcoo^ 

tSS r 2^"" 3N «»thydrog nperoxidef ed is Introduced into line 3 via line NeCpyTn 
produced via lines 32 and 33 as liquid. Th liquid mixture passes downwardly through packed caEbe^J 

h r^2 k,n - ,ProPy ' neand Wrogenperoxid tofojprop* ne oxSe 
and th re is a modest temperature increase of the mixture as a result of the reaction xotherm 
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The reaction mixture passes through catalyst bed 5 Into the lower section of zon 2. Risers 6 are provided 

SS TSttJSSJZTE ^ n ^' 0Wer20ne ^ P—g of Hquid therefhrougU 

Liquid level 7 is maintained in th lowersection of zone 2 by known liquid level control means. 

inni^^T** n mixture is wnhdrawnfromzone 2 vialin 8 and passes to indirect heat exchang MOwhere- 

^ ™ " rt ?T and «»» cirailafing mixture is cooled to about its original temperature 

hydro^n^e^d ^ ' lne3 11 ■ nd3b "* to »'»2 * e net propylene and 

^^"Z!*?] 0 " ° fth !.^' ed r !! Cti0n mfacture from ^ 2 passes from cooler 10 via lines 11 and 13 to 
aTd^Tnes ManTS! ^ ^ 14 a " d 8ddWonal net ■** P^P^ne 

bed^lt^^ 

bed 15 wherein further reaction of hydrogen peroxide with propylene takes place. Risers 16 permit vapor pas- 
sage therethrough and liquid level 17 is maintained In the lowersection of zone 14 P 

en.ta^^i^"^^ 1 ! " ne 18 ' to heal exchan 9 er 19 where the reaction exotherm gen- 
f? -!l m0Ved - M0St * the liqUid C00led in «■*■«■' 19 P««es via lines 20 and 13 back to 
zone 14. Amlnor portion passes via lines 20 and 21 to the next reaction zone 22 together with recycled reaction 
mature form zone 22 and additional net liquid propylene introduced via lines 32and 36 

H^lfJ f?^* 0 *l!lf? edinfl ThG rcactlon nibrture b ^sed downwardly through catalyst 
bed 23 wherein further exothermic reaction of propylene and hydrogen peroxide takes place. Risers 24 permit 
vapor passage therethrough and liquid level 25 Is maintained In the lowersection of zone 22. 

erniTlnn^ H * 26 1 ° heat 9Xchan 8er 27 where the reaction exotherm gen- 

^ d ' n f ne 22 i3 j Emoved - »** rf the cooled liquid passes from exchanger via lines 28 and 21 bade to 
zone 22. A minor portion passes via lines 28 and 29 to the next reaction zone 30 

Zone 30 is similar to the preceding zones but being the bottom zone has no risers for vapor passage The 
reaction mature passes downwardly through bed 31 of packed catalyst wherein the reaction betweenpropy- 
lene and hydrogen peroxide is completed. Product liquid Is removed via line 41. The lowest reaction zone Is 
essentially a zone where the last generally small amount of hydrogen peroxide is reacted. N^ndly Zo is 
not Relent reaction exotherm to wanant cooling and partial recycle of the liquid removed ZL 

th- '! aC ^" IUStrated in Fiflure 1 - 2006 30 fethe 'west and lastreaction zone although it will be apparent 
that a greater or lesser number of zones can be utilized. «e apparent. 

J ^" P ^ dded r mP ° Srti0n - Vap0r ^ *™* «* «■ through caSyst bSsTis 
as, and 31 via nsers 6, 1 6, and 24 and is removed as 8 purge stream via line 46 

There are several advantages which are achieved through practice of the Invention. By circulating large 
quantity of readier i liquid, temperature increase in any one zone can be kept quite small. Due to removalof 
the exotherm.0 heat by cooling the liquid from each zone, close control of the reaction conditions can be ach- 
ieved. By ma.nte.ning the plurality of separate zones, plugflowreactorconditions areapproached and the ben- 
efits of reduced product concentrations In the earlier zones are achieved. 

In general, of the liquid reaction mixture removed from each zone of the reactor. 60 to 90% is recycled 
after coding wrth 10 to 40% moving forward to the next zone. Generally, flow in each zone is maintained at a 
level sufficient to limit the temperature rise in a zone to about 10 to 30°C. preferably 6 to 15«C 
th 5 * ^ PmdUCll0n * P r °Py ,ene «V the present Invention Is that the selectivity and yields of 
the desired propylene oxide product are improved by maintaining lower concentrations of hydrogen peroxide 
and product propylene oxide in the reaction mixture. This can be readily accomplished by dividing the net hy- 
drogen perox.de feed among the several reaction zones rather than feeding all of the net hydrogen peroxide 
to the first zone or by adding substantial quantities of a diluent such as isopropanol. methand or mixtures to 
the first reaction zone or by a combination of these procedures. 

Figure 2 illustrates a practice of the Invention which Is analogous to that shown In Figure 1 except that the 
net hydrogen peroxide feed is divided and fed equally to the several reaction zones 

Figure 3 illustrates a practice of the invention which Is analogous to that shown In Figure 1 except that 
alcohd diluent is added to the first reaction zone. ^ 

th r ! f !7?!. to _ Fiflure 2 ' 8y8tem **cribed therein is essentially similar to that of Figure 1 except 
that instead of aj d ^he net hydrogen peroxide feed passing via lines 4 and 3 to zone 2. the net hydrogen per- 
oxide feed is split and f din equal amounts to zon s 202. 214 and 222 vialin s 204A 204B and 204C resp c- 

,k » W !^ refe, ? CetoFi9Ure3,th system describ d therein is ss ntially similar to that of Figure 2 xcept 
thatadilu nt alcohol stream Is added to zon 302 vialin s304Dand303 

Th following xamples illustrates the inv nti n. In th se examples, propylen oxide is produced by th 
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liquid phas reaction of propylene and hydrogen peroxide In accordance with the following reaction: 

O 

CH, - CH = CH, * H 3 0 z CH, - Ch'-NtH, + H 3 0 

Solid titanium silicalite is employed as catalyst; see U.S. Patent 5,214,168. 
Example 1 

Referring to Figure 1, net feed of hydrogen peroxide in isopropanol/wator solvent is introduced via line 4 
TJUlll ^? 2Wth 14mol4/ht PfOpyl«n« Introduce via lines 32 and 33 In combination with 800 mols/hr 
of recyded reaction mixture via line 11. The total feed to zone 2 comprises 9.2 mol% propylene, TAtmZ 

zone2 Is at 50 C. Purge propylene vapor Is Introduced into zone 2 via line 45 at the rate of 1 mol/hr. 

The liquid passes through catalyst bed 5 wherein propylene and hydrogen peroxide react in accordance 
with the above equation. The liquid temperature is increased to 58-C as a result of the reaction exotherm 
r^JlVT !?^?'* iun C0mprisad * 88 mo1 * P~Py"«ne, 7 md% hydrogen peroxide, 3.5 mol% pro- 
pylene oxWe. 4*2 mom Isopropanol, and 32.5 mol% water passes at the rate of 914 mols/hr from zone2vta 
line 8 and is coded to 50-C In exchanger 1 0. 

About 800 mols/hr of the coaled mixture Is recycled via lines 11 and 3 to zona 2 About 114 mols/hr of the 
c^edh^d^ses via lines 11 and 13 to the next reaction zone 14 together with 800 rr»l«Ar of cooled recycle 
reacbon liquid via i,ne 20 and 4 mols/hr. liquid propylene via lines 32 and 34. The total liquid feed to zoneU 

ZT'Z t^l'T'T 3 9 m °' % hydro96n V*"*** * 3 mol% ™» 6na 46-6 mol% bopro- 
panol, and 34.3 mol% water. Temperature of the liquid introduced to zone 14 Is 50°C 

In zone 14, the reaction liquid passes through catalyst bed 15 where further reaction in accordance with 
the above equation takes place. Liquid temperature Increases to 58-C as a result of the reaction exotherm 
^^ZlT K, P a f e8f,on,zone 14via «™ "to «cchanger19atthe rete of 918 mola/r* This liquid com- 
Z^ B ™** f^*" 8 ; 35 mol% Mrogen peroxide, 6.7 mol% propylene oxide. 46.5 mol% Isopropanol. 
and 34.8 mo!% water. The liquid is cooled to 50°C in exchanger 19. 

♦k A ^ u * 800 i mols/nrof tn « °ool«l mixture Is recycled via lines 20 and 13 to zona 14. About 118 mote/hrof 

*T ^ ' ,ne8 ^ 21 *° th6 nSXt reaction Mna 22 togather with 800 mcls/hr of cooled 

recycle reaction liquid via line 28 and 4 mols/hr. liquid propylene via lines 32 and 35. The total liquid to zone 
22 comprises 87 mol% propylene, 0.4 mol% hydrogen peroxide, 9.4 mol% propylene oxide. 45.1 mol% iso- 
propanol. and 36.4 mol% water. Temperature of the liquid introduced to zone 22 is 50°C 

In zone 22. the reaction liquid passes through catalyst bed 23 where further reaction is accordance with 
the above equation takes place. Liquid temperature Increase to 58°C as a result of the reaction exotherm. 

React™ liquid passes from zone 22 via line 26 to exchanger 27 at the rats of 922 mola/hr. This liquid com- 
prises 8.2 mol% propylene, 0 mol% hydrogen peroxide, 9.9 mol% propylene oxide. 45 mol% isopropanol and 
36.9 mol% water. The liquid is cooled to 50*C in exchanger 27. opropano., ana 

About 800 mols/hr of the cooled mixture is recycled via lines 28 and 21 to zone 22. About 1 22 mols/hr of 
the cooled liquid passes via lines 28 and 29 to the last reaction zone 30. 

In zone 30, the reaction liquid passes through catalyst bed 31 where the remaining small reaction takes 
place l Liquid temperature increase is small, less than 8"C as a result of the reaction exotherm and about 122 
mols/hr. of liquid product is recovered via line 41. 

Purge vapor in amount of 1.2 mols/hr. is removed via line 46 and comprises 84 mor% propylene. 8 mol% 
water and isopropanol, and 8 mol% oxygen. ' " 

y iald °f Prop**" oxide based on hydrogen peroxide is 90%. This compares with a yield of 
about 80% which Is achieved using conventional tubular reactors wherein the temperature rise in the catalyst 

Example 2 

"infi * Figure 2. net feed of hydrog np roxideinis propan l/water solvent is introduced at th rate 
of 100 mols/hr via line 204. The feed composition comprises 33 m 1% water, 55 moi% is propanoland12mol% 
hydrogen p roxlde. This net hydrogen peroxide feed is divided with 34 mols/hr passing via lines 204A and 203 
to zone 202, 33 m Is/hr passing via lines 204B, 220 and 213 to zone 214, and 33 mols/hr passing via lines 
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204C. 228 and 221 to zone 222. 

if ""I!!"' * ^ drogen perwdd feed b ~n*l"ed with feed propylene Introduced via line 232 and 
SSI^ m ^ re « " n9 21 1 to a fed mbtture to "« line 203 of 861 rno^rcoS 
S Watef ' 331 m0,3/hr i90prcpa ™'' 13 "»ls/hr hydrogen peroxide. 228 mols/hr proJS 

and 41 mols/hr propylene oxide. This mixture is fed to zone 202 at 54.4'C and 240 psia 

with^ H^ll^ 33 !. 3 thro ^ h 1 ca ^ st ^ 205 "herein propylene and hydrogen peroxide react in accordance 
™IS™T q lf 0n ^ e ,iqUW is increased to BOX as a result of the reaction exotherrn 

The hqu.d react.cn mature comprised of 25.1 mol% propylene. 1.68 mol% hydrogen peroxide 5 17mol% 

Z^T: °™ 38 ,l n ^ % , te0Propan01 - and 28 7 mo,% * 'he ratoTe4r^?rom^n^ 

202 via line 208 and is cooled to 54.4°C In exchanger 10. 

^. h AbOUt .^ ° r m °' 8/nrof the 000,8(1 mixture » recycled via lines 211 and 203 to zone 202. About 40 mols/hr 
ofther cooled (.quid passes via lines 211 and 213 to the next reaction zone 214 together wittTSo mo^hTc 

of me hydrogen peroxide feed. The total liquid feed to zone 214 comprises 26.1 mol% propane 1 82mo % 

tho l^T e J 14 L the < !! aCtl0 l n liqU ! d ^"^S" catalyst bed 21 5 where further reaction in accordance with 

£2225 If P ? Ce - ^"ternperature increases to 60-C as a resuKof the reaction exotherrn 
mmSr^ liquid passes from zone 214 via line 218 to exchanger 21 9 at the rate of 896 mois/hr. This liquid 
comprises24.9mol% propylene. 1.45 mol% hydrogen peroxide. 5.9 mol% propylene oxide. 38 3mol%bopro- 
panol.and29.1 mol% water. The liquid is cooled to 54.4'C in exchanger 219 ^ 

rh^fJ 1 ! m °? /nrof the . °?* d mMure 18 "^'ed via lines 220 and 213 to zone 214. About 96 mols/hr 
ofthe cooled l.qu,d passes via lines 220 and 221 to the next reaction zone 222 together with 800 motaTo 
cooled recycle reaction Hqu W via line 228. 25 mols/hr liquid propylene via lines 23? and 235. and 33 moWhr 
tnJ!Z T« n*™,? reSd - The totel liqu id to 2006 222 """P** 8 mol% propylene. 1 .65 mol% hydro- 

'" zone ^ the reaction liquid passes through catalyst bed 223 where further reaction Is accordance with 

^ UqUW temPeratUre in0rease8 to60 ° Cas 8 reaction exoSSI 

cnm™^^^ I' 1 ^'^ ^cne222 via line 226 to exchanger 227 at the rate of 943.7 mols/hr. This liquid 

panol. and 29. 1 mol% water. The liquid is cooled to 54.4»C in exchanger 227 

. th ^, 8 °° m °lf /nr 0f the COoled mMure is ""V** via lines 228 and 221 to zone 222. About 143.7 mols/hr 
of the cooled liquid passes via lines 228 and 219 to the last reaction zone 330 

n f one 230 ' the "OUW Passes through catalyst bed 231 where the remaining small reaction takes 

J*. 1 ?! 1 ' temperature increase is small, less than 8'C as a result of the reaction exotherrn and about 1 28 
mols/hr of liquid product is recovered via line 241 . 

oxygen. 3 8 md% water and isoprepanol. and 3 mol% propylene oxide; this stream is further treated for pro- 
pylene and propylene oxide recovery (not shown). 

Bba^SSSXttl jr^T QXide b8Sed °" hydro9en pertMdde b ^ ™» «^ares with a yield of 
l^ ?^ r achieved using conventional tubular reactors wherein the temperature rise in the catalyst 

ZZ? 2 ?; Ll^ 13 8,30 hi9her than that h 1 *■ * «- separate introductton of hydrogen 

peroxide feed into the separate zones. 

Example 3 

T h Re I e ^ll? g to F ' gUre 3> the net hydrogen peroxide composition and feed rate is the same as for Example 2 
The net hydrogen peroxide feed passes at the rate of 34 mols/hr via lines 304A and 303 to zone 302 at the 
rate of 33 molaftir via lines 304B and 313 to zone 314. and at the rate of 33 mols/hr via lines 304C. 328 and 
321 to zone 322 Isopropanol diluent is fed via lines 304D and 303 to zone 302 at the rate of 100 mols/hr 
y*Z U n^smrof hydrogen peroxide feed and 100 mols/hr of isopropanol are combined with feed propylene 
ZSSfSZ ? 2 Wd M ' l !\ rccvde mixture via line 311 to form a feed mature to zone 302 via 

1 ™ T Pf1Sed * 54 ' 1 m0lS/hr WBtor ' 464 5 md8/hr isopropanol. 7.1 mols/hr hydrogen per- 

240 08? " ^^^P"^ n oxid .This mixture is fed to zone 302 at 54.4X and 

w^U PaSSeS thr ° Ugh ° atalyst *** 305 wnere,n P ro Py en and hydrog n p roxid react in accordance 
with the above quabon.Th liquid temperature is increas d to 60<>C as a result of th reaction xoth rm. 
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The liquid reaction mixture comprised of 33.3 mol% propylen . OS mol% hydrog n peroxide 1 35 mol% 
proven oxide. 57.6 mol% isopropanol. and 7.1 mol% water passes at the rateof Se nSLS 
vialin 308 and is cooled to 54.4«C in xchanger310. w»mownrnwn rone 302 

nf fh^ b !I!!i^ mt ^ /hr0fth0 000,6,1 mbctUre is recycled ^ «"es 311 and 303 to zone 302. About 206 mols/hr 
ofthe cooled liquid passes via lines 211 and 213 to the next reaction zone 214 together with 600 mols/hTo 
c^d^erearti^ 

ofthe hydrogen peroxide feed via line 304B. The total liquid feed to zone 314 comprises 34 2 rool% roovtana 

perature of the liquid introduced to zone 14 is 54.4«C. 

In zone 314 the reaction liquid passes through catalyst bed 31 5 where further reaction in accordance with 

R^r h" ** P ] 8Ce - UquW temperature increa *» to 60 ° C result of the reactTexoS 
React.cn hqu.d passes from zone 314 via line 318 to exchanger 31 9 at the rate of 860.9 mols/hr Thfe liouW 

comprises 33.6 mol% propylene. 0.65 moM hydrogen peroxide. 2.24 mol% propylene «wT«4 moT% 

propanol. and 10.9 mol% water. The liquid is cooled to 54.4°C In exchanger 319 

„f th^SIr U* r * the J 000 ' ed mixture 18 n «y cted vte «*» 320 and 313 to zone 314. About 260.9 mols/hr 
ofthe cooled liquid passes via lines 320 and 321 to the next reaction zone 322 together with 600 mototorof 
^ recycle reaction liquid via line 328. 25 mols/hr liquid propylene via lines and 335. and £ ZSH 
ofthe hydrogen peroxide feed via line 304C. The total liquid to zone 322 comprises 33.2 mol% propylene 104 
mol% hydrogen peroxide. 2.54 mol% propylene oxide. 49.76 md% isopropanol. and 13.32 mol% water Tem- 
perature of the liquid Introduced to zone 22 is 54.4'C. " len> 
In zone 322. the reaction liquid passes through catalyst bed 323 where further reaction is accordance with 
the above equation takes place. Liquid temperature Increases to 60'C as a resuK of the mJSSST 

« SlSf 8808 T *™ 322 ™ line 326 10 « ch W 327 at the rate of 908.2 mols/hr. This liquid 
comprises 321 mol% propylene. 0.68 mol% hydrogen peroxide. 2.9 mol% propylene oxide. 50 32 mol* iso- 
propanol. and 13.84 mol% water. The liquid is cooled to 54.4«C in exchanger 327 

# «. A ^S e !?-T?* r0f C0 ° led mWure 13 recycled Vla ,ines 328 and 321 to zon« 322. About 308 mols/hr 
ofthe cooled liquid passes via lines 328 and 329 to the last reaction zone 330 

f 0 " 0330 ' * e f action "« uld P 83 ** throuflh catalyst bed 331 where the remaining small reaction takes 

^ ^ ? ^T Pe, ! tUre , ' nCreaSe " Sma "' 1683 than 8 ° C as a result of the reaction exotherm and about 315 
mols/hr. of liquid product is recovered via line 341 . 

Purge vapor in amount of 5 mols/hr. is removed via line 346 and comprises 92 mol% propylene 4 mol% 
water and isopropanol. and 4 mol% oxygen. ^ ^ ' l% 

aboJ^^wSf-^r^T oxWe T 0 " on hydroflen peroxide b 92% - 11,13 «•* a y' eld of 

a *' eved »f lno «>nventtonal tubular reactors wherein the temperature rise In the catalyst 

Vh^A *!? x " * thatf0r Example 2 du « to the lower concentrations of propylene oxWe 

and hydrogen peroxide in me reaction zones. ^yi«i«™uae 



Claims 
1. 



3. 



Acontinuous process Ibrthe exothermic reaction of propylene and hydrogen peroxide in the liquid phase 
to produce propylene oxide In a series of separate reaction zones each containing a packed bed of solid 
catalyst, wherein a reaction liquid comprised of propylene, hydrogen peroxide and propylene oxide as well 
as a vapor purge stream is passed through the bed of the solid catalyst at reaction conditions in each of 
the reaction zones, the resulting mixture is separated in each zone into a vapor stream which passes to 
the next reaction zone and a reaction liquid stream, the reaction liquid stream from each zone is removed 
and separately cooled to remove exothermic heat of reaction generated in the zone from which the liquid 
to removed. 80-90% of the cooled liquid is recycled to the zone from which It was removed and 10-40% 
of the cooled liquid is passed to the next in the series of reaction zones. 

A process as claimed in Claim 1 characterised In that a propylene vapor stream Is passed through the 
senes of reaction zones to purge oxygen generated therein. 

A process as claimed In Claim 1 or Claim 2 characterised in that a portion of the net hydrogen peroxide 
feed is fed to each reaction zona 

Aprocess as claim d in any one of Claims 1 to 3 characteris d in that a diluent liquid is f d to the first of 
th senes of reaction zon s. 
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5- A process as claimed In Claim 4 characterised in that th diluent liquid is isopropanol. 

6. A process as claimed in Claim 4 characterised In that th diluent liquid is a mixture of Isopropanol and 
methanol. 

6 

7. A catalytic converter comprised of a series of separate zones each containing a packed bed of solid cat- 
alyst means of Introducing reaction liquid into each zone and passing the liquid through the bed of solid 
catalyst contained therein at exothermic reaction conditions, means for removing reaction liquid from each 
TIZaTJZZ^" 9 ^ f Kmov ^™**™ "<"H each zone and recycling the main portion of 

10 f S m 201,6 fr0m whioh rt was removed - means ft* P 883 ^ « minor portion of the cooled 
liquid to the next succeeding zone, and means for withdrawing liquid product from the last of the said ser> 
arate zones. 
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FIG— 1 
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FIG-2 
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